Fetal growth restriction (FGR) or intrauterine growth restriction (IUGR) is a multifactorial disorder affecting the fetal development rate that often results in multiple adverse peri- and postnatal morbidities and mortality.[@ref1] Birth weight and/or birth length below the 10th percentile for gender and gestational age are characteristics of small-for-gestation newborns and these babies are constitutionally small.[@ref2] A birth weight \<10th percentile that appeared due to a pathological process, which did not allow attaining the personal biological growth potential identifies an infant with IUGR.[@ref3] Intrauterine growth restriction occurs due to fetal factors (for example, congenital anomalies, chromosomal disorders, toxoplasmosis, other infections \[syphilis, varicella-zoster, parvovirus B19\], rubella, cytomegalovirus, and herpes simplex),[@ref4] placental factors (for example, placental insufficiency, abnormal implantation, anomalies, infarction, and so forth),[@ref5] or maternal factors (for example, poor nutrition,[@ref6] maternal smoking,[@ref4] gestational hypertension,[@ref4] history of previous IUGR birth/delivery).[@ref7] Two main growth patterns are known in IUGR, namely symmetrical and asymmetrical, with differences in etiology, clinical aspect and prognosis. The main short-term neonatal complications of IUGR include metabolic, thermal, and hematological disturbances leading to morbidities such as low Apgar score, hypoxia and the need for respiratory support, hypoglycemia, hypothermia, necrotizing enterocolitis (NEC), sepsis, hyperbilirubinemia, prolonged neonatal intensive care unit admission.[@ref8],[@ref9] Limited data related to IUGR in Romanian neonates is available in the specialty literature. The latest study on this was reported by Sbârcea and Râcă[@ref10] and aimed to investigate demographic, anthropometric, and early morbidities in IUGR infants in a level 3 maternity ward from Bucharest. They identified an incidence of 4.68%, almost twice smaller than the incidence identified in our study, and showed that maternal factors (such as low socio-economic status, extreme age, and constitutional factors) are the main factors associated with IUGR.[@ref10] The objective of our study was to assess the short-term outcomes and to identify the factors associated with IUGR in a North-West Romanian population referred to a tertiary teaching hospital.

Methods {#sec1-2}
=======

A matched one:one case-control study was the design used to reach the proposed objectives. The study was retrospectively conducted at the Neonatal Ward of the First Gynecology Clinic, County Emergency Hospital Cluj-Napoca, Cluj-Napoca, Romania in neonates with parents residing in Romania who were discharged in the period from January 2012 to June 2014. The First Gynecology Clinic is a tertiary teaching hospital in the North-West of Romania and serves as referral center for Cluj, Sălaj, Bistrița-Năsăud, and Maramureş counties. The North-West region covers an area of almost 34,000 km^2^ (\~15% from the total area of Romania) and has a stable population of around 2,500,000 citizens (\~12% of the total population of Romania). All subjects with birth weight and birth length below the 10th percentile for the gestational age[@ref2] were included in the IUGR group (case group). An individual matching method was applied to identify each subject who met the inclusion criteria in the IUGR group one control. The controls were chosen to be matched by gender and gestational age from the infants born in the same Neonatal Ward and in the same period (same year). The exclusion criteria were as follows: insufficient details in the medical charts regarding gender and gestational age, twins, and newborn with genetic disorders.

The medical charts were reviewed and the following data was collected on a Microsoft Excel database for each subject included in the study: demographics (gender), anthropometric data (weight \[g\], length \[cm\], head circumference \[cm\]), delivery data (gestational age, type of delivery \[vaginal/cesarean\]), clinical data, para-clinical data (see [**Table 1**](#T1){ref-type="table"}, reference values in the same table)[@ref11] and mother's age. The collected clinical data were as follows: Apgar score at one minute after birth, birth injuries, respiratory distress, heart failure, hyperbilirubinemia, hypocalcemia, hypoglycemia, NEC, intraventricular hemorrhage, number of days for weight recovery, total enteral nutritional days, hospitalization stay. Neonatal hypoglycemia is defined as blood sugar levels under 40mg/dl (lower than 2.2mmol/l).[@ref12] The value of blood sugar is measured using the glucometer and is monitored at one hour, 2 hours, 4 hours, and 6 hours after birth. Whenever low values of blood sugar were identified the confirmation was made by the central laboratory, but the treatment was not delayed.[@ref13] The NEC was defined using the modified Bell's criteria; clinical and radiological information staging of stage IIA, IIB, or IIIA (proven with no surgery including distension and/or signs of peritonitis, with x-ray evidence of pneumatosis intestinalis) or stage IIIB (NEC confirmed at surgery).[@ref14] In term infants, hypocalcemia was defined as total serum calcium concentration less than 2mmol/L (8mg/dL) or ionized fraction of less than 1.1mmol/L (4.4mg/dL) in term infants and as total serum calcium concentration less than 1.75mmol/L (7mg/dL) in preterm infants. Neonatal thrombocytopenia is defined as a platelet count less than 150,000/microL.[@ref15] Biochemical parameters (aspartate aminotransferase, alanine aminotransferase, lactate dehydrogenase \[LDH\], urea, creatinine, blood glucose) were determined on a Konelab apparatus (Thermo Scientific™, Vantaa, Finland) by the spectrophotometer method. Abacus Junior 5 (Diatron GmbH, Vienna, Austria) with Coulter method was used for counting cells passing through a small aperture and for measuring the hemoglobin content of red blood cells. A Nova Biomedical Critical Care Xpress Blood Gas Analyzer (Billerica, USA) was used to determine Astrup parameters. The study was conducted according to the principles of Helsinki Declaration, and was approved by the Ethical Committee of Iuliu Hațieganu University of Medicine and Pharmacy Cluj-Napoca, Cluj-Napoca, Romania.

###### 

Reference value for Astrup and biochemical parameters among newborns.
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According to the Romanian guidelines for the evaluation of newborns with risks (such as preterm, small newborn gestational age, newborns with neurological abnormalities, menigitis) a transfontanelar ultrasound is performed on the first day of life and it is repeated on the third, seventh, and on a weekly follow-up or any time when the symptoms require it.[@ref16] The grading system of the intraventricular hemorrhage was as follows[@ref17]: grade 1 = bleeding confined to the periventricular area, grade 2 = intraventricular bleeding (10-50% of the ventricular area on sagittal view), and grade 3 = intraventricular bleeding (\>50% of the ventricular area or distends the ventricle). The data was primarily included in the electronic data collection file of one of the authors and double-checked by another author. Furthermore, the screening for errors was carried out using the validation rules, based on the extreme possible values for each quantitative variable and on a list of possible values for qualitative variables. The identified errors were corrected before the statistical analysis was carried out. The missing values were left as missing and the sample size, on which the results were obtained, was provided, whenever different, with the eligible sample size.

Statistical analysis {#sec2-1}
--------------------

Qualitative variables were summarized as percentages and associated 95% confidence interval (CI) (values presented in squared brackets along the manuscript) calculated with an exact formula.[@ref18] Quantitative variables were expressed as mean±standard deviation for data that proved normally distributed; otherwise median and (Q1-Q3), where Q1=first quartile and Q3=third quartile, was used. Comparisons between groups were made with paired t-test for normally distributed data; otherwise, Sign test was applied. Association of anthropometric and/or co-morbidity factors with the IUGR was analyzed using binary logistic regression, main effect model. Variables (excepting derived variables) that proved significantly different between the groups were used as independent variables. Statistical analysis was carried out using Statistica software version 8 (StatSoft Inc., Tulsa, OK, USA) at a significance level of 5%.

Results {#sec1-3}
=======

A total number of 150 infants with IUGR (cases) out of 4,790 newborn babies admitted in the Neonate Ward were identified during the study period, leading to an incidence of 3.1% in the studied Neonatal Ward. Matched controls were identified just for 142 of IUGR infants (95% CI: 90.00-98.00), so 142 cases and an equal number of controls were included in the study. No individual matched controls could be found for 2 baby girls with gestational age of 28 weeks, one baby boy of 29 weeks, one baby girl with gestational age of 30 weeks, 2 baby girls with gestational age of 31 weeks, one baby boy of 38 weeks, and one baby boy of 39 weeks. The majority of the infants included in each group were girls, with a girl:boy ratio equal to 1.68 (girls: 62.7%; 95% CI: 54.23-70.42 versus boys: 37.3%; 95% CI: 29.58-45.77). The gestational age of the infants included in each group varied from 28 weeks (4 infants) to 41 weeks (5 infants) with a maximum number of infants with the gestational age of 38 weeks for boys and 39 weeks for girls. The age of mothers varied from 15-years-old to 44-years-old, with a median and an interquartile range of 30 (26-33) years-old for included cases and 31 (27-34) years-old for controls. No significant difference regarding the age of the mothers was identified when cases were compared with controls (Sign statistics=1.55, *p*=0.1213).

A significantly higher percent of infants in the IUGR group (66.9%; 95% CI: 58.46-74.64) were born by cesarean section compared with controls (46.5%; 95% CI: 38.03-54.92; Z-statistics=-5.171, *p*=0.0006). The Apgar score at one minute was higher than or equal to 7 for most of the infants in both groups (case group: 77.9%; control group: 77.5%) with no significant differences between groups (*p*\>0.05). Birth weight (g) of the IUGR infants varied from 740-2940g with significantly lower values compared with controls ([**Table 2**](#T2){ref-type="table"}). Other investigated anthropometric characteristics and comparisons between the case and control groups are presented in [**Table 2**](#T2){ref-type="table"}.

###### 

Anthropometric characteristics and comparisons between groups of newborns with IUGR and matched controls.
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Intraventricular hemorrhage of grade one was seen in 9 cases (7 infants on IUGR group and 2 infants in control group) while one infant in the IUGR group presented an intraventricular hemorrhage of grade 3. Percentages of investigated co-morbidities are presented in [**Table 3**](#T3){ref-type="table"}. Note that in all cases the hypoglycemia was transient with normalization after providing optimal intake of carbohydrates. One case of cerebral ischemia was identified in the IUGR group. The infant was a boy with gestational age of 31 weeks, birth weight of 1170g, length of 36cm and resulting from a pregnancy with hypertension diagnosed in the first trimester, which was hard to control with drugs. He was born by cesarean section with severe asphyxia at birth, (Apgar score 2 at one minute, metabolic acidosis, hypocalcemia and multi-organ dysfunction: renal impairment, cerebral impairment and increased cytolysis enzymes) requiring intubation in the delivery room (synchronized intermittent mechanical ventilation \[SIMV\]), administration of surfactant 200mg/kg/dose 20 minutes after birth, the nasal continuous positive airway pressure (CPAP), and oxygen for a total of 288 hours. On the third day of life rating, transfontanelar ultrasonography revealed intraventricular hemorrhage grade 3 and elements of cerebral ischemia.

###### 

Presence of co-morbidities according to group and differences between groups of newborns with IUGR and matched controls.
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Necrotizing enterocolitis was observed only in the IUGR group (3 infants). All the cases of NEC were girls with the following characteristics:- Infant one: Twenty-nine weeks gestational age, 900g birth weight, Apgar score at one min equal to 2, respiratory distress, needed administration of Curosurf 200mg/kg/dose and SIMV ventilation for 96 hours and after nasal CPAP and with early and late sepsis and NEC Bell stage 2 with abdominal radiography showing pneumatosis intestinalis. Infant 2: Gestational age of 34 weeks, 1350g birth weight, intraventricular hemorrhage grade one, with mother with gestational hypertension from 28 gestation weeks, cesarean section delivery, with respiratory distress and mechanical ventilation, nose CPAP, early sepsis, NEC Bell stage one. The abdominal radiography identified abnormal gas pattern, dilated loops, and thickened bowel walls. Infant 3: A girl, 35 weeks gestational age, 1550g with Dexametasone prophilaxy, mode of birth cesarean section, with Apgar score one at one minute, severe acidosis (pH 6.8 from umbilical cord) with respiratory distress, SIMV ventilation for 24 hours, curosurf 200mg/kg/dose, early sepsis, heart failure and NEC Bell stage 2. Respiratory support was given to 13.5%, 95% CI: 8.52-19.85 of the infants in the IUGR group, and to 16.3%, 95% CI: 10.64-23.40 of control infants.

Significantly smaller numbers of platelets were identified in infants with IUGR (205.169±89.490) compared with controls (251.162±85.630; t-statistics=-4.11, *p*-value=0.0002). Furthermore, significantly higher values of pO~2~ in infants with IUGR (63.32±31.16) compared with controls (51.61±18.07) (n=49) were identified (t-statistics=2.29, *p*=0.0312). The percentage of IUGR infants with abnormal values of lactate dehydrogenase smaller than 290 UL or higher than 501 U/L (70.7%) proved significantly smaller (Z-statistics=-2.5906, *p*=0.0096) compared with the percentage of controls with abnormal values of LDH (89.8%). No significant differences between groups were observed regarding all the other investigated para-clinical parameters (*p*\>0.05). The hospitalization stay proved significantly higher for the IUGR infants compared with controls (case: median=9, quartile range \[5-16.75\]; control: median=5, quartile range \[[@ref4]-[@ref8]\]; *p*\<0.0001). Binary logistic regression analysis, with dependent variable as group (case versus control) and the independent variables as infants characteristics that proved significantly different between groups, was conducted and the identified model (Likelihood Ratio: statistics=125.64, *p*\<0.0001) is presented in [**Table 4**](#T4){ref-type="table"}.

###### 

Results of binary logistic regression analysis of newborns with IUGR and matched controls.
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Discussion {#sec1-4}
==========

In our retrospective study, the risk factors in the IUGR neonates hospitalized in a tertiary teaching hospital in the North-West of Romania during a period of 2 and a half years were successfully assessed. The IUGR was found to have an incidence of 3.1% in our sample, the result being similar to the previous study conducted in Romania[@ref10] (4.68%) and to the results reported by Romo et al[@ref19] (3% and 7%). The proportions of baby girls proved significantly higher compared with the proportion of baby-boys (*p*\<0.0001). This result is opposite to the girls:boys proportion in the Neonatal Ward during the study period (46.1% girls versus 53.9% boys; Z-statistics=10.83, *p*\<0.0001).

Despite the fact that maternal age over 35 or 40-years-old was identified as risk factor for IUGR,[@ref20] no significant difference regarding the mothers' age in the IUGR and control groups was identified in our study (*p*\>0.05). Contrarily, other studies[@ref21] showed that the younger age of mothers[@ref7] along with other factors, such as hypertensive disorderes, pregestational diabetes, and autoimmune disease[@ref21] are risk factors for IUGR. However, our results are similar to the results reported by Benavides-Serralde et al.[@ref22] As expected, a significantly higher percentage of IUGR infants were born by cesarean section compared with the controls (*p*\<0.0001), similar result being obtained in other studies.[@ref23],[@ref24] In the Neonate Ward where the present study was conducted, 1583 out of 4790 babies were born by cesarean section (33.05%, 95% CI: 32.37-65.42%) during the investigated time-frame.

In our study, the Apgar score at one minute was not significantly different among IUGR and controls as fetal monitoring was rigorous and the birth occurred before the onset of the severe fetal distress. The Apgar score at 5 minutes is predictive of asphyxia but needs to be contextualized within the contemporary perinatal and neonatal care framework in different settings.[@ref25] The Apgar score at 5 minutes was not assessed in our study because all the values at one minute were ≥7, without significant differences between the groups (*p*\>0.05). The obtained values of Apgar score were similar to those reported by Sbârcea and Râcă.[@ref10]

As expected, birth weight, length, ponderal index, and cranial perimeter proved significantly lower in the IUGR group compared with the group in the controls (*p*\<0.001, [**Table 2**](#T2){ref-type="table"}). Birth weight is an indicator of fetal growth and low birth weight predicts short-term survival of the newborn better than any other characteristic.[@ref26] Small body size at birth also appears to be an important predictor for long-term health whereas fetal under-nutrition may increase susceptibility to diseases that occur later in life, especially cardiovascular diseases.[@ref27] The number of days of weight recovery was more homogenous in the IUGR group compared with that of controls ([**Table 2**](#T2){ref-type="table"}) and the value proved significantly lower compared with that of controls (*p*\<0.01). The median number of days of total enteral nutrition was equal to one in both groups but the values were heterogenous in the IUGR group compared with the controls ([**Table 2**](#T2){ref-type="table"}, *p*=0.0191).

Three out of 8 investigated co-morbidities proved different in the IUGR group compared with that of controls. Intraventricular hemorrhage (*p*\<0.05) and hypoglycemia (*p*\<0.001) proved significantly higher in the IUGR group compared with that of controls while birth injuries were significantly more frequent in controls (*p*\<0.001) ([**Table 3**](#T3){ref-type="table"}). A significantly higher percent of subjects with hypoglycemia and intraventricular hemorrhage was reported by Ortigosa Rocha et al[@ref28] in late-preterm IUGR infants. Two co-morbidities represented by cerebral ischemia (one subject) and NEC (3 subjects) were observed exclusively in IUGR group. Early complications common in infants with IUGR reported in specialty literature are low Apgar score, hypoxia, hypoglycemia, hypothermia, NEC, sepsis, and hyperbilirubinemia.[@ref8],[@ref9] In our study, only hypoglycemia proved significantly higher in the IUGR infants (p\<0.0001), the percentage of hypoglycemia in the IUGR infants being similar to that reported by Sehested and Pedersen[@ref23] (31%). The incidence of intraventricular hemorrhage (7.25%) was higher in our group compared with previously published results (2%),[@ref23] and the difference could be explained by the differences between populations and/or the difference between health care systems. The presence of birth injuries such as ecchymosis (8 cases), caput succedaneum (11 cases), cephalohaematoma 2 cases was significantly higher in the control group compared with the IUGR group and this result could be explained by the type of delivery; a significantly higher percentage of IUGR infants (66.9% IUGR versus 46.5% control) being born by cesarean section. The IUGR infants stay longer in hospital compared with controls (*p*\<0.001), which is a similar result to the results reported by Olusanya.[@ref8]

The logistic regression analysis conducted to investigate the relation between the presence of IUGR and infants' characteristics that proved significantly different in the IUGR group compared with that of controls identified 2 risk factors for this pathology: length and hypoglycemia ([**Table 4**](#T4){ref-type="table"}). According to the results presented in [**Table 4**](#T4){ref-type="table"}, hypoglycemia is expected to be almost 5 times more frequent in the IUGR group compared with the controls while length is expected to be 1.3 times smaller in the IUGR group compared with controls. Apgar scores lower than 7 were identified in almost 19% of IUGR infants, the hypoglycemia was reported in 15.7%, while the hyperbilirubinemia was reported in 14.6% of the cases. The differences between our results and the results previously published by Sbârcea and Râcă[@ref10] could be summarized as higher incidence of hypoglycemia and hyperbilirubinemia. These differences could be explained by different investigated periods (2005-2010 in the study conducted in Bucharest and 2012-2014 in our study), differences between populations, and between the applied guidelines (mention must be made that the clinical guidelines for neonatology were introduce in Romania no earlier than 2008).

Our study conducted in the North-West of Romania characterizes the infants with IUGR, and has several limitations. The main limitation relates to the type of study; since the design was retrospective, it is susceptible to information bias, the data collected reflecting what was recorded in the medical charts. Furthermore, the retrospective design did not allow the assessment of late morbidities in the IUGR infants while the assessment of long-term effects of IUGR could be of clinical interest. In the same view, parental factors were not investigated since in the medical charts just the mother's age is registered. The absence of an individual matched control for each eligible case could not be seen as a limitation since only 5.33% of eligible cases were lost from the analysis and this did not affect the overall results. During the investigated period, the number of IUGR cases closely reflected the expected number of cases according to other similar publications.[@ref10] The small sample size could reflect in the low incidence of co-morbidities in the investigated groups. The differences between co-morbidities in the investigated groups, compared with what scientific literature reports, could be explained by the differences that existed in the implemented protocols during pregnancy and/or delivery. Based on the design of the study our study bear evidence of level III with grade B for healthcare recommendation.[@ref29]

In conclusion, our study shows that hypoglycemia and intraventricular hemorrhage characterized the IUGR group. Within our study, infants with IUGR, were found to be lower in length and have hypoglycemia. Our findings highlight the need to give special attention to hypoglycemia and intraventricular hemorrhage in infants with IUGR. Nevertheless, the assessment of the co-morbidities in infants with IUGR in a more complex frame, such as parents' characteristics (diseases, nutrition, and pregnancy history), immunological or genetic characteristics of infants, could provide relevant information to clinical practice.
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